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Concern has been voiced about the survival of
endangered species, and even the long-term prospects
for humans, in the face of accumulating deleterious
mutations. Two experiments have investigated the
mutation accumulation process in laboratory Drosophila
populations, with apparently conflicting results.
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For some time, population geneticists have been studying
the evolutionary role of mutations that reduce the fitness
of individuals. Advantageous, rather than deleterious,
mutations drive evolutionary adaptation, but harmful
mutations occur more frequently, and the rate at which
they occur, and their spectrum of effects, are central to
several of the most intractable evolutionary questions,
such as why sex evolved. Recently, the possibility has
been raised that the accumulation of harmful mutations
could significantly reduce the chance of survival of small
populations of captive or endangered animals and plants
[1,2], and even harm the ability of the human species itself
to survive in the long term [3]. 
It is not those mutations with large, easily recognisable
effects, such as those responsible for genetic diseases, that
are the concern (although these can clearly have tragic
consequences). Such mutations are quickly eliminated,
even from small populations. Rather, it is the rate of accu-
mulation of genetic damage from mutations with mildly
deleterious effects that is a far greater worry from the
standpoint of population genetics. In essence, the force of
selection acting to eliminate these mutations becomes
progressively weaker as population size decreases,
because chance factors become increasingly important in
determining their fates. 
A small population is thus unable to rid itself of mildly
deleterious mutations, and could ultimately become
extinct by a process that has been termed ‘mutational
meltdown’ [1]. Furthermore, harmful mutations could
accumulate in populations maintained under benign envi-
ronmental conditions, in which natural selection is min-
imised. Thus, it has been argued that, if humans suffer
from a significant rate of accumulation of genetic damage
from new mutations, selective forces are now so weak in
Western populations that they may already be experienc-
ing an appreciable deterioration in fitness, which could
have dramatic consequences if populations were suddenly
faced with a harsh environment [3,4].
Unfortunately, it is extremely difficult to obtain informa-
tion on the impact of mildly deleterious mutations. Cur-
rently, much of what we know comes from experiments
done in the 1960s and 1970s by Mukai and coworkers ([5],
for example) with the fruit fly Drosophila melanogaster.
They maintained specially constructed lines for many
generations in benign conditions to allow mutation accu-
mulation. In competitive test conditions, viability was
found to decline by as much as 2% per generation, and
this was mostly attributable to mutations with detrimental
effects of the order of a few percent, with a much smaller
contribution from lethal and severely detrimental muta-
tions. These results are widely used in evolutionary
models, and permeate the population genetics literature.
Recently, Mukai’s results have been questioned, on the
grounds that part of the apparent decline in viability could
have been non-mutational [6,7]. The rates of accumula-
tion of lethal or severely detrimental mutations are not in
question. It is the overall fitness-reducing effect of mildly
deleterious mutations which could be much lower than
Mukai’s results suggest.
Two recent papers report new experiments designed to
investigate further the possibility of mutational meltdown
in Drosophila [4,8]. Both papers address the issue of the
rate of deterioration of fitness in populations maintained
for many generations in favourable environmental condi-
tions in the laboratory, and bred in such a way as to reduce
the opportunity for natural selection to eliminate the
expected build up of harmful mutations. They tackle the
critical question of the effect on fitness of mutation accu-
mulation in harsh competitive test conditions, which may
be most relevant to the natural environment.
Shabalina et al. [4] maintained two populations of flies,
recently captured from the wild, by single-pair matings, at
populations of size 200, for 30 generations. Laboratory
conditions were benign, with minimal competition
between individuals, and contributions of individuals to
the next generation were equalised, so that selection was
minimised and mildly deleterious mutations should have
accumulated. In benign test conditions, fitness measures
such as egg-to-adult viability declined slightly. At 10 gen-
eration intervals, competitive fitness of flies from the lines
was measured using two levels of harsh conditions —
harsh and very harsh — achieved by manipulating the
density of the flies and availability of food. As controls,
Shabalina et al. [4] used cryopreserved embryos from the
starting population. These could be thawed and induced
to continue development. Another control was a popula-
tion maintained in the cold, so that it would go through
few generations and accumulate few mutations. 
In the ‘very harsh’ conditions, by forcing the line of best
fit relating fitness to generation number through the
origin, Shabalina et al. [4] inferred a significant decline in
fitness, but when the more standard practice of allowing
the line to find its own Y-axis intercept was followed, the
decline was not significant (Figure 1b). Under the ‘harsh’
conditions, however, the fitnesses of the experimental
populations of flies showed substantial and significant
declines (Figure 1a). Taken over the two environmental
treatments, the average rate of decline of fitness was 2%
per generation.
Gilligan et al. [8] used Drosophila as a model system to
study the genetic changes wild-caught animals undergo in
response to captive conditions, which has important
implications for conservation biology. They maintained
many replicated lines of flies for up to 50 generations by
single-pair matings with effective population sizes varying
from from 25 to 500. Fitness differences were minimised,
and again mutation accumulation was expected to have
occurred (although lines were maintained for a period in
competitive conditions before the fitness tests). Samples
of wild flies caught from the same location at a later date,
and a population maintained in parallel with the lines at
large population size in relatively competitive conditions
were used as controls. 
In the benign or competitive fitness assays, Gilligan et al.
[8] did not observe a greater ‘genetic load’ — reduction in
fitness due to inbreeding — for the small populations
compared with the large populations or their controls.
Furthermore, in a fitness assay similar to the one origi-
nally employed by Mukai et al. [5], they failed to observe
an increase in the frequency of flies carrying chromo-
somes that confer low viability. The two experiments
therefore apparently contradict each other, but the com-
petitive conditions used by Gilligan et al. [8] may have
been less severe than that used by Shabalina et al. [4],
and further analysis of their lines has shown substantial
drops in fitness measured in very crowded conditions
(R. Frankham, personal communication).
Both groups [4,8] used outbred flies, freshly sampled from
nature. Animals taken from the wild, and maintained by
breeding in captivity, adapt to the laboratory environment
[9]. Although selection was minimised, it cannot be com-
pletely eliminated, particularly for components affecting
viability and developmental rate. Wild flies carry large
amounts of genetic variation, so there is plenty of fuel for
the adaptation process. Shabalina et al. [4] observed
mortality rates of about 20% in their lines, and high levels
of genetic variation for fitness components, so the ingredi-
ents for adaptation are present — genetic variation and the
potential for selection. 
One kind of adaptation expected to occur is a reduction
in motility that will tend to lead to higher survival in the
confined laboratory environment. Reduced motility was
indeed observed by Shabalina et al. [4], although they
attributed this to mutation accumulation. It is quite pos-
sible that the decline in fitness observed in the harsh
competitive conditions was in part a consequence of
adaptation to the conditions under which the lines were
maintained. For example, it could be that genotypes
leading to early emergence, favoured under benign con-
ditions, will do worse under competitive conditions. The
variation in competitive fitness among the lines kept by
Gilligan et al. [8] with different population sizes seems
to suggest a mixture of adaptation to the maintenance
conditions and inbreeding effects (R. Frankham, per-
sonal communication).
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Figure 1
Fitness of flies relative to the controls plotted
on a log scale against generation number
from the data in [4]. (a) Harsh environmental
conditions. The rate of decline in fitness is
significantly different from zero (p = 0.02).
(b) Very harsh environmental conditions. The
rate of decline in fitness is not significantly
different from zero (p > 0.5).
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A second potential source of selection in the lines kept by
Shabalina et al. [4] is in the control populations, which
were maintained cryopreserved or in the cold. If cryo-
preservation or cold tends to kill the least fit flies, then the
fitness of the controls would increase. An apparent drop in
fitness of flies under test conditions could then be due to
an increase in fitness of the controls. Shabalina et al. [4]
obtained a maximum rate of recovery of 18% from cryo-
preservation, which declined to 8% by the end of the
experiment, and a reduction in the frequency of control
flies carrying recessive lethal genes, so selection acting on
the control lines cannot be ruled out. 
Finally, part of the drop in fitness can be attributed to
inbreeding depression, the phenomenon whereby
progeny from matings between related parents have
reduced fitness. The inbreeding in the Shabalina et al. [4]
study was approximately 4% by the end of the experi-
ment. Data collected as part of a separate inbreeding
experiment [4] predict that this would lead to a 0.17%
drop in fitness per generation in benign conditions, which
is similar to the rate actually observed in the lines in the
same environment. This inbreeding depression could be
magnified several-fold in very competitive conditions
[9,10], and so could have contributed strongly to the drop
in fitness observed in the harsh environment.
In summary, these two recent experiments [4,8] address
the important question of the effects of mutation accumu-
lation on fitness of populations in different environmental
test conditions. While it is very likely that the deleterious
effects of mutation accumulation are worse in harsh condi-
tions [10], in outbred populations it is not possible to tell
whether any deterioration in fitness is caused by mutation
accumulation, by adaptation or inbreeding effects related
to pre-existing variation, or by some mixture of these. To
discriminate between these factors, and to obtain more
information on the nature of the individual deleterious
mutations, further experimental work is needed. For
example, an experiment with genetically identical inbred
flies would be very informative, as non-mutational
changes in the genetic background could not occur. At this
stage, the question of whether mutation accumulation pre-
sents a threat to captive and endangered populations or to
the survival of humans is still unresolved.
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